Postoperative pulmonary complications are common, with a reported incidence of 2-40%, and are associated with adverse outcomes that include death, longer hospital stay and reduced long-term survival. Enhanced recovery is now a standard of care for patients undergoing elective major surgery. Despite the high prevalence of pulmonary complications in this population, few elements of enhanced recovery specifically address reducing these complications. In 2013, a prevalence audit confirmed a postoperative pulmonary complication rate of 16/83 (19.3%) in patients undergoing elective major surgery who were admitted to critical care postoperatively. A quality improvement team developed and implemented ERAS+, an innovative model of peri-operative care combining elements of enhanced recovery with specific measures aimed at reducing pulmonary complications. ERAS+ was introduced in June 2014, with full implementation in September 2014. Patients were screened during full ERAS+ implementation and again one year following implementation. Following ERAS+ implementation, postoperative pulmonary complications reduced to 24/228 (10.5%). Sustained improvement was evident one year after implementation, with a pulmonary complication rate of 16/183 (8.7%). Median (IQR [range]) length of hospital stay one year after implementation of ERAS+ also improved from 12 (9-15 [4-101]) to 9 (5.5-10.5 [3-81]) days. The ERAS+ pathway is applicable to patients undergoing elective major surgery and appears effective in reducing postoperative pulmonary complications.
Introduction
Complications arising from major surgery pose a major healthcare challenge and are associated with increased hospital and postoperative mortality rates for up to three years [1] [2] [3] . Postoperative pulmonary complications (PPC) are one of the commonest complications following major surgery, with a reported incidence of 2-40%, and are associated with increased hospital stay and mortality [4] [5] [6] . The European Society of Anaesthesiology and the European Society of Intensive Care Medicine have produced a consensus definition for PPC [7] . Risk factors for PPC have been evaluated and prediction tools such as ARISCAT (Assess Respiratory risk in Surgical patients in CATalonia) are available [4, 5, [8] [9] [10] .
Enhanced recovery after surgery (ERAS) is a perioperative care pathway developed for major surgery with the intention that patients participate with the planned inpatient recovery in order to reduce postoperative complications and facilitate rapid discharge. A similar concept, 'Peri-operative Surgical Home' has been developed in the USA [11, 12] . Although implementation of ERAS has been successful in the UK, there are few interventions aimed specifically at reducing PPC [13] . In the USA, a simple multidisciplinary respiratory care bundle called 'ICOUGH' (Incentive spirometry; Cough/deep breath; Oral care; Understanding patient education; Get out of bed; Head of bed elevation) has had some impact in reducing the incidence of PPC [14, 15] . The aim of this quality improvement project was to design and implement a model of perioperative care for major surgery, 'ERAS+'. Our primary objective was to assess the impact of ERAS+ on the incidence of PPC.
Methods
Between April 2013 and January 2016, we conducted a five-stage quality improvement project at Central Manchester University Hospitals NHS Foundation Trust, a provider of major surgical services in Greater Manchester. The development and introduction of the ERAS+ pathway followed quality improvement methodology [16] . It was registered with the hospital's Audit Department and approved by the Trust's Caldicott Guardian. The design and implementation stages of ERAS+ and a comparison of baseline ERAS and ERAS+ components are shown in Fig. 1 and Table 1 .
Stage 1: Baseline PPC prevalence study
In April 2013, we evaluated the incidence of PPC in patients admitted to critical care over a six-week period following major elective colorectal, gynaecology, head and neck, hepatobiliary, upper gastrointestinal, urology and vascular surgery. A trained data collector screened patients on days 3, 5, 7 and 15 after surgery and an ERAS+ consultant team member then reviewed clinical cases to confirm the diagnosis of PPC (Table 2) .
Stage 2: ERAS+ team and pathway development
We created a multidisciplinary ERAS+ team with medical, nursing and allied health professionals (physiotherapy, dietetics and pharmacy), to build on our existing ERAS pathways. This team was led by an ERAS+ steering group which met monthly to develop the pathway, support training and identify resources. Cancer specialist nurses supported patient and family listening sessions before and after surgery to discuss ERAS+. Key goals for ERAS+ were identified: to reduce the incidence of PPC; to promote shared decision making in preparing for, and recovering from surgery; to improve patients' physical and psychological well-being before and after surgery; and to educate both professional groups and patients in preparation for surgery. Boston Medical Centre supported our incorporation of ICOUGH into ERAS+ [14, 15] . Six standards of ICOUGH were agreed: two-hourly use of incentive spirometry; regular coughing and deep breathing; twice-daily oral healthcare (teeth brushing and use of mouth wash); patient understanding of ICOUGH; twice-daily mobilisation; and bed-head elevation at time of review. The ERAS+ team created a prehabilitation programme with patients encouraged to view themselves as instrumental in their own recovery and 'training for their surgery' by increasing daily activity with support from families and friends. Thirty minutes of activity per day was recommended, combined with stretching exercises and nutritional advice [16, 17] . Patients were also encouraged to keep exercise diaries before and after surgery, to facilitate a return to pre-surgery fitness levels.
Following the baseline audit, we targeted patients requiring critical care admission after elective surgery for ERAS+ implementation. A gap analysis compared our practice with ICOUGH standards and identified early mobilisation, oral healthcare and respiratory incentive spirometry as areas requiring improvement. In response, the ERAS+ implementation group undertook a series of Plan-Do-Study-Act cycles [18] with critical care staff. This resulted in an ICOUGH prescription sheet being attached to the standard drug chart detailing an order set for component interventions (Fig. 2 ). Concerns about early mobilisation were addressed with a stepped approach for mobilising patients with an epidural in-situ and/or receiving low-dose noradrenaline infusion.
Patients and their relatives were viewed as partners in their recovery from surgery and they helped to develop the information and education resources for ERAS+. Patients reported that a pathway walking them through the pre-hospital, surgery and post-surgery milestones gave them insight into what to expect. Two innovations, 'Surgery School' and 'ICOUGHUK TV' were developed to assist in this process. Patient and relatives were trained in elements of ERAS+ during a weekly Figure 2 ICOUGH prescription chart detailing the components of ICOUGH. multidisciplinary-led session, 'Surgery School', which they were invited to attend (Table 3) . During the 60-90 min session, preparation for surgery was discussed. Instruction in ICOUGH, mobilisation and oral healthcare were provided and patients were also given and trained to use an incentive spirometer. They were then asked to take the spirometer home and continue to practise with it. The team discussed in-hospital care, perioperative pain management, the critical care environment and monitoring devices. Surgery School also provided a useful question and answer forum for patients and their relatives. Attendees were offered a tour of critical care areas to facilitate postoperative orientation. Web-based videos were developed focussing on ERAS+ preparation for surgery, ICOUGH and peri-operative pain management for patients, families and staff, and an ICOUGH UK TV channel was set up on YouTube [19] . The videos were shown in Surgery School as well as viewed at home. Patient information leaflets and multimedia resources were offered to patients.
Stage 3: Repeat prevalence audit, and initial implementation of ERAS+ incorporating ICOUGH
With ERAS+ resources in place, a pre-implementation audit was undertaken over a six-week period in Spring 2014. From June 2014, critical care, surgical and anaesthetic staff were trained in ERAS+ principles, supported by ICOUGHUK TV, brochures and posters. The ERAS+ team attended both surgical and anaesthetic department audit and clinical effectiveness meetings to introduce the initiative. Pre-operative assessment nurses and cancer nurse specialists also attended ERAS+ training sessions to support preoperative patient education in ICOUGH and ERAS+. For critical care nursing and medical staff, the ERAS+ team delivered ongoing weekly multidisciplinary teaching and an ERAS+ support programme over the next three months (June-August), concentrated on the bundle's role in reducing PPC. All frontline critical care staff were trained, with a focus on key elements identified in the gap analysis.
To measure compliance, all elective surgery patients were assessed for all six elements of ICOUGH by the ERAS+ team during their critical care stay. Bundle compliance was determined three to four times per week during implementation, with results summated to give weekly compliance rates which were fed back using weekly ward implementation run charts (Fig. 3) . The ERAS+ team performed walk-rounds to further support critical care staff and provide bedside 
Results
Data were collected from 801 patients who scored ≥ 26 on the ARISCAT score corresponding to intermediate-or high-risk for PPC (Tables 4 and 5 ). Surgical activity increased through 2014-2016 following centralisation of surgical services. Major surgery specialties were represented in broadly similar proportions for each of the implementation phases ( (10.5%); p = 0.017). One year after ERAS+ implementation, the PPC incidence had reduced further (6/183 (8.7%); p = 0.005) (Fig. 4) . Median (IQR [range]) hospital length of stay was also reduced (Table 4) (p < 0.0005).
The Surgery School survey response rate was 75/ 100 (75%): 72/75 (96%) patients rated Surgery School as good or very good; 68/75 (91%) of patients stated they would recommend Surgery School to friends or family; 67/75 (89%) deemed the session time appropriate at 1 h; and information given was deemed sufficient and helpful by 63/75 (84%). Free text comments suggested patients felt empowered by the ERAS+ programme, that ERAS+ 'made sense' and that it should be offered to all patients having major surgery.
Discussion
We have demonstrated in a patient-centred quality improvement project that ERAS+ reduces the risk of pulmonary complications after major surgery, specifically in the context of major oncological resection. This innovation aligns domains 1, 3, 4 and 5 of the NHS Outcome framework 2015/6 [20] , with a potential median reduction in patient length stay of 3 days.
Postoperative pulmonary complications represent one of the more common and significant adverse events following surgery. The prevalence of PPC ranges between 2% and 40% in non-cardiac surgical cohorts, which is higher than that of myocardial events in high-risk patients [8, 10] . Variability in PPC, postoperative pulmonary complications; ERAS, enhanced recovery after surgery. PPC reporting due to the use of different diagnostic techniques has been addressed by the European Society of Anaesthesiology, by producing a guide on PPC diagnosis within the European Peri-operative Clinical Outcome (EPCO) document [7] . The 2015 EPCO consensus defines PPC based on the presence of respiratory failure (hypoxaemia), pulmonary infection, atelectasis, effusion, pneumothorax, aspiration pneumonitis or bronchospasm. The PPC criteria in this project are largely consistent with these definitions with the exception that EPCO diagnosis of pneumonia requires antibiotic administration plus one or more other signs of infection rather than two or more signs. Our definition of hypoxaemia reflects our local critical care oxygen target policy, namely F I O 2 ≥ 0.6 or high-flow / mechanical ventilation to maintain PaO 2 of 8.0-10 kPa (effectively a PaO 2 :F I O 2 ratio < 16.7 kPa), and/or SpO 2 ≥ 95% (if no preexisting respiratory disease), or 90% (if pre-existing chronic respiratory disease). This does differ from the EPCO definition of hypoxaemia which is PaO 2 < 8 kPa on room air, PaO 2 :F I O 2 ratio < 40 kPa or SpO 2 < 90% requiring oxygen therapy. The EPCO definition should, therefore, capture a higher prevalence of PPC and may explain the lower baseline incidence observed in our intermediate-and high-risk cohort compared with that described in the literature. As EPCO was published over half-way through this quality improvement project, we did not change to EPCO criteria in order to maintain diagnostic consistency. The risk factors for developing PPC have been extensively investigated, and researchers have developed risk prediction tools based on these data [4, 9] . Canet et al. in the ARISCAT study identified seven key risk factors for PPC: low supine pre-operative oxygen saturation; recent respiratory infection; age; preoperative anaemia; upper abdominal or intrathoracic surgery; surgical duration of at least 2 h; and emergency surgery. We used the ARISCAT score to confirm all patients included in our analysis were at intermediate-or high-risk of PPC [4] .
The contents of our bundle were based on research using the ICOUGH care package. This demonstrated a trend towards reduction in PPC rates from 2.6% to 1.6% one year after implementation [14] . Two Cochrane reviews on peri-operative incentive spirometry, one in cardiac surgery and one in upper gastrointestinal surgery, were unable to identify any benefit of this intervention in terms of reduction in Figure 4 Postoperative pulmonary complication incidence over time. The graph demonstrates a timeline of preintervention, implementation and one-year post initial implementation (// denotes break in data collection).
rates of PPC [21, 22] . Although the reviewers noted the generally poor quality of these studies, we observed that pre-hospital training in incentive spirometry improved understanding and compliance in the postoperative period. Our ICOUGH bundle emphasised good oral care leading up to and after surgery. Our patient cohort was administered chlorhexidine mouthwashes while within critical care areas. A systematic review of chlorhexidine mouthwash use in thoracic surgical patients demonstrated a reduction in respiratory tract infections (relative risk 0.48 (95% CI 0.36-0.65)) [23] . However, other research has failed to show that chlorhexidine mouthwash use reduces the incidence of ventilator-associated pneumonia in a general intensive care population [24] . A Cochrane review of inspiratory muscle training does suggest efficacy at reducing rates of PPC [25] . ERAS+ built on the established ERAS pathway bundle that been implemented across the NHS since 2009 [13, 26] and some elements of ERAS, such as early mobilisation, may also reduce the incidence of PPC [27] .
The impact of multi-faceted care bundles within quality improvement projects in critical care is well established. These bundles have been shown to reduce ventilator-associated pneumonia and catheter-related blood stream infections in various multisite projects in different healthcare systems [28, 29] .
We used an ERAS+ implementation and project steering group with strong executive input. We utilised key elements of quality improvement methodology as advocated by the Institute for Health Improvement and NHS England Sustainable Improvement Team. These included: plan-do-study-act cycles; staff training programme in ERAS+; an ICOUGH prescription to support bundle implementation; nurse champions to support frontline staff; the use of safeguards to ensure mobilisation of patients; and run charts to support bundle compliance with weekly staff feedback [30, 31] . These processes helped support an increasing ICOUGH compliance.
We believe the involvement of patients and their families was essential to the success of this programme. Surgery School is an innovation which borrows from both orthopaedic joint schools and the educational element of Peri-operative Surgical Home [12] . Feedback from patients was generally positive and helped to change attitudes amongst staff and assisted the ERAS+ project team in refining the programme. Of primary importance was the principle of patients 'taking control of their own recovery', which is a positive and dynamic attitude consistently advocated by cancer charities [32] .
The process of improving functional capacity to withstand an incoming stressor has been termed prehabilitation [33] . Patients with lower functional capacity pre-operatively have been demonstrated to have higher mortality and morbidity rates following major surgery [34, 35] . Pre-habilitation exercise interventions have been successful in patients undergoing colorectal cancer surgery with improved functional recovery following neo-adjuvant treatment before surgery [36] .
Quality improvement projects such as this report carry a number of limitations. The 'before and after' rather than randomised nature of group allocation is a potential source of bias. It is quite possible that other, unmeasured factors contributed to the improved outcomes. In the case of this project, changes in surgical or anaesthetic personnel may have occurred due to the centralisation of surgical services. This explains the increased number of operations performed in the 'after' phase of the study and there is epidemiological evidence that large-volume surgical services perform better than those with smaller volumes [37] . Similarly, new techniques in anaesthesia or surgery, outside of those promoted within ERAS+, may have contributed to improved patient outcomes. As patients were not randomly selected to join one group, it is possible that the 'after' group was better selected and at lower risk of PPC than the 'before' group, despite our application of the ARISCAT risk tool and using the same selection criteria through pre-operative screening, including the widespread use of cardiopulmonary exercise testing. The ERAS+ project team deliberately used the Hawthorne effect [38] to drive improvements in bundle compliance and patient outcomes. As a result, we are unable to identify which elements of the bundle are the most effective. There were also changes in the clinical environment, with a refurbishment of the high dependency unit in 2014 and the general surgical wards in 2014-2015 which may have influenced our findings. Finally, this project is a single-centre project conducted by enthusiasts. We would welcome multicentre studies with longer follow-up periods to further investigate the utility of care bundles in the reduction of PPC.
The costs to develop and implement ERAS+ included: 4 h per week of consultant time; one whole-time equivalent specialist nurse (formerly the ERAS nurse); and one half-time equivalent data collector. Administration and nurse training costs were met within existing budgets. Following implementation, ongoing costs consisted of: 2 h per week consultant time with administration, nurse training; and data collection costs, and these were absorbed into critical care and surgical division budgets. Capital costs were minimal, and the only disposables were the incentive spirometers (approximately £3 (€3.3, $3.7) each).
The phenotype of a high-risk surgical population with disproportionately high peri-operative mortality and morbidity has been described in many healthcare environments [5, 39] . Patients who develop complications such as PPC have reduced life expectancy [1, 8] . This project has demonstrated a potential path towards reducing these complications and improving shortterm outcomes. This new type of peri-operative care pathway requires the active involvement of patients and their families in partnership with the multiprofessional healthcare team. The care bundles are relatively low-cost and we believe they can be subject to widespread adoption in peri-operative care.
